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Abstract. In this paper we address the complex and controversial issue of the possible commercialization of a 
genetically engineered (GE) salmon for human consumption: the AquAdvantage Salmon®, by one of the leading US 
aquaculture corporations, AquaBounty Technologies Inc (ABT). This analysis follows and deepens our reflections on 
the notion of impact assessment, in the framework of biotechnology for food production. In the first part, we 
consider the epistemic and normative implications involved in the regulatory process of the transgenic salmon, 
starting with a review of the scientific research on genetic engineering applied to the taxonomic family 
Salmonidae. We explore the inextricable relationship between facts and values, and their mutual dependence on 
the high stakes implied in the controversy. In the second part, we challenge the identification of impact 
assessment with future developments, the risks and promises of the GE salmon. We propose a shift to from 
prediction to diagnosis, and we provide a brief account of the driving forces that bring the transgenic fish into the 
world, along the path-dependent trajectory of technoscientific innovation. We conclude by proposing to open a 
collective space for reflection about the criteria for evaluating the quality of GE salmon in our present. 
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1. Introduction 
The word “impact” entails the idea that 
something is already into the world and it is 
“pressing” against a target1. In the still 
dominant, modern ideal, assessing the impact 
of technoscientific open-field 
experimentations means identifying the 
target and evaluating the consequences of 
this pressure, on the basis of scientific 
evidence collected by purposely-selected 
experts, for the needed regulatory aims. In 
this model, the certain, objective and 
exhaustive scientific evidence speak for 
themselves and rational decisions about the 
governance of technology can be made in the 
form of logical deductions (Wildavsky 1979). 
In our previous work, we have discussed 
some of the inadequacies of this framework 
in the context of biotechnology for food 
production (Benessia and Barbiero 2012, 
Guarnieri et al. 2008). By focusing on the 
research, implementation and regulation of 
genetically modified organisms in industrial 
agriculture, we have shown that this modern 
model can be applied only at the price of 
selectively obscuring the normative 
dimension inherent in the process of impact 
assessment. Indeed, the framing of what 
constitutes an evidence, the ways in which 
the designated significant data are collected 
and evaluated, the questions to be answered 
and the conclusions to be drawn are 
intrinsically value-based practices, embedded 
in the technical, scientific procedures. The 
needed expertise and the corresponding 
epistemic culture of the actual experts do not 
automatically emerge from a predefined 
laboratory setting in which the impact is set 
up to happen (Hardin 2004, Knorr Cetina 
                                                 
1
 The etymology of the term impact is to "press 
closely into something,": from Latin impactus, past 
participle of impingere "to push into, dash against, 
thrust at". Originally sense preserved in impacted 
teeth (1876). Sense of "strike forcefully against 
something" first recorded 1916. Figurative sense of 
"have a forceful effect on" is from 1935 (see online 
etymology dictionary www.etymnline.com). 
1999). They are the result of choices, based 
on specific aims, and they produce a plurality 
of perspectives, all valid in the context in 
which they emerge and most often mutually 
exclusive, therefore controversial (Sarewitz 
2004).  
Moreover, open field technoscientific 
experiments, such as GMO’s for food 
production, imply high stakes, as they require 
considerable investments, they are designed 
to be carried out on a global scale and, in case 
of failure, cannot be reversed. Finally, as they 
are performed on socio-ecological systems, 
including the agents performing them, they 
entail the presence of emergent complexity 
and radical uncertainty (Funtowicz and 
Ravetz 1994). As a result, in the evaluation of 
their impact, facts and values are inextricably 
entangled, uncertain and disputed, a 
condition that can be defined as post-normal 
(Funtowicz and Ravetz 1993). 
Based on these premises, in this paper we 
address the complex and controversial issue 
of the possible commercialization of a 
genetically engineered salmon for human 
consumption: the AquAdvantage Salmon®, 
by one of the leading US aquaculture 
corporations, AquaBounty Technologies Inc 
(ABT). According to ABT, through the 
addition of a growth-hormone gene construct, 
the patented fish is designed to reach the 
market size in about 18 months, close to half 
of the average time-to-market of 
conventionally farmed salmon. Moreover, the 
total feed required to produce the same fish 
biomass is reduced by 25%, giving the 
producer a significant net overall economic 
gain. As the AquaBounty narrative goes, this 
saving would make economically viable to 
rear the fish in otherwise too costly, 
physically contained inland facilities, isolated 
from marine ecosystems, therefore less 
polluting and more environmentally 
sustainable (AquaBounty Technology 2010).  
Over the past two decades, a number of 
different stakeholders, ranging from activists, 
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to concerned citizens and scientists, 
traditional fisheries and the aquaculture 
industry have been contesting these 
promised economic advantages and 
ecological benefits. At the same time, the 
environmental risks of genetic pollution of 
the wild salmon population and the possible 
hazards for human health have been widely 
discussed, prompting the need for precaution 
in the adoption of this new technological 
product. The scientific and political 
controversy around the AquAdvantage 
Salmon® has dominated the debate about the 
extension of genetic engineering from plants 
to animals, stalling the regulatory process and 
discouraging the research and development 
of other cases (Pollack 2012a).  
We consider here this exemplary case, in 
order to revisit and deepen our investigation 
on the notion of impact assessment, along 
two routes.  
In the first part, we consider the issue of 
scientific uncertainties and the normative 
implications, the complexity and controversy 
implicit in the impact assessment procedure. 
Indeed, as we will explicitly review, the 
research, implementation and 
commercialization of transgenic salmon 
involves a number of uncertain facts and 
contrasting values, concerning the definition, 
detection, measurement and evaluation of 
both the possible risks and the declared 
benefits.  
Moreover, the stakes are high; One the one 
hand the authorization for human 
consumption would constitute a precedent 
and open the doors to genetically engineered 
animals in food production systems, creating 
a whole new economy for industrial farming. 
On the other hand, the possible interactions 
of transgenic salmon with the wild species 
could induce irreversible damages to global 
marine ecosystems.  
Finally, even though the genetically 
engineered salmon has been under the 
attention and then the review of the US Food 
and Drug Administration (FDA) since 1995, 
the regulatory, decision-making process is 
embedded in a narrative of urgency. As we 
will explore, the global growing need for 
animal protein, the raising concerns about 
ocean degradation and depletion, the US 
seafood trade deficit and the possible 
competitive disadvantage with other 
countries eventually ahead in the market of 
transgenic animal food, are some of the main 
arguments in favor of a fast and effective 
approval of the AquAdvantage salmon in the 
US. Ultimately, and way more specifically, the 
financial survival of AquaBounty 
Technologies itself is at stake in the waiting.  
This narrative of urgency will be explored in 
the second part of the paper, where we 
extend our analysis by concentrating on the 
logically former, fundamental premise of the 
whole framework of analysis, namely the 
strong and implicit normative stance 
according to which we identify impact 
evaluation with future developments. 
 This assumption is the grounding pillar of the 
modern principle of responsibility, according 
to which we need to predict the future in 
order to justify our action in the present 
(Jonas 1985). If we follow these premises, we 
are lead to paradoxical situation in which we 
need to know about the future consequences 
of our implementation in order to act, but we 
are prevented from knowing the future 
developments, as a consequence of the 
intrinsic nature of the very same 
implementation (Benessia et al., 2012). A way 
out of this inherent contradiction is to shift 
our attention back to the present and to 
divert our analytical and reflective capacity 
from prediction to diagnose and from 
responsibility under risk to commitment in 
times of change (Funtowicz and Strand 
2011).  
The idea is then to divert our focus from the 
possible targets and the consequences of the 
impact, to the impacting object itself, 
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considering the driving forces that bring it 
into being and determine its trajectory. In 
other words, we propose to suspend for a 
moment the scenario of the future 
developments, risks and promises, and ask in 
what kind of world this technoscientific 
product - a genetically engineered, fast-
growing salmon - has a meaning that justifies 
the scientific and economic effort of actually 
fabricating it, proposing to sell it and being 
confident that someone will buy it. These 
issues have to do with how we collectively 
value the salmon at stake and therefore with 
it’s quality: as a living being embedded into a 
net of socio-ecological systems, as a 
technoscientific commodity, and as food.  
As we will see, in this framework, the 
AquAdvantage salmon can be interpreted as a 
belonging to the path-dependent trajectory of 
technoscientific innovation and its main 
drivers of optimization and substitution 
(Benessia and Funtowicz 2015).  
With these elements in mind, let’s begin our 
investigation with the scientific uncertainty 
and disputed values embedded in the 
research and implementation of genetically 
engineered salmon. 
2. GE salmon: scientific uncertainties 
and normative implications  
As any other technoscientific product, GE 
salmon depend on scientific research in at 
least three ways: for its production, impact 
evaluation and regulation. Accordingly, 
different epistemic and normative cultures, 
modes of analysis and decision-making 
praxes can be applied to its implementation 
and regulation. More specifically, as we have 
extensively developed in our previous work 
(Benessia and Barbiero 2012), both the 
production and the regulation are driven by 
the epistemic culture of innovation2, whereas 
                                                 
2
 Innovation science (Wynne quoted by Jasanoff, 
2005) is typically carried out by private industries, 
not rarely granted with public funds (Goldenberg 
the impact evaluation can and should be 
conducted by focusing on the so-called 
negative or liminal knowledge (Kastenhofer 
2007, Knorr Cetina 1999) within the 
epistemic culture of precautionary science3, 
in order to deconstruct the main pillars of the 
innovation approach and leave room for a 
democratized, post-normal evaluation of 
biotechnology applied to aquaculture. In what 
follows, we will start by reviewing the main 
results emerging from the scientific literature 
regarding the research behind the production 
of the AquaBounty GE salmon. We will then 
move to the complexity and controversy 
inherent in its possible commercialization. 
                                                                         
2011), with the explicit aim of developing and 
introducing new (bio)technological products in the 
market. The prevalent goal of this type of endeavor is 
to make things work. This, in turn, entails a 
methodology founded on laboratory trial-and-error 
iterative approximation to the desired result, through 
the design and management of linear cause-effect 
relationships between a limited or limitable number 
of variables (i.e. a specific gene for a specific 
property, according the central dogma ideal which we 
will discuss in the following section). The 
corresponding epistemic culture of innovation 
science is therefore essentially based on determinism, 
reductionism and mechanism, applied in vitro, to 
small and de-contextualized temporal and spatial 
horizons, and resulting in the production of so-called 
hard facts, namely new goods, characterized by a 
given set of properties, with the externalization of 
uncertainty. 
 
3
 Precautionary science (Ravetz, 2004) is normally 
undertaken within research institutions such as 
universities, and it involves the understanding and the 
management of the consequences of large-scale 
techno-scientific implementation. Its main focus is 
therefore the complexity of interaction between the 
organisms involved – conceived and treated as 
processes – and the environment. The correlated 
epistemic culture of this type of scientific research is 
based on observation in situ, through systemic 
approaches over large population systems and 
extended temporal and spatial horizons, involving 
highly non-linear causal links, such as retroaction 
mechanisms, dependence on initial conditions etc. 
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Salmon are osteichthyes belonging to the 
taxonomic family Salmonidae and they are 
divided into two genera: Oncorhynchus, 
which includes 14 species of salmon and 
trout that live in the Pacific Ocean, and Salmo, 
which includes 29 species of salmon and 
trout that live in the Atlantic Ocean. The most 
widely studied genetically modified salmon is 
the transgenic Coho salmon (Oncorhynchus 
kisutch), into which the promoter region4  of 
a gene regulator controlling the expression of 
the growth hormone (GH) gene has been 
inserted. The promoter is directly inserted 
into fertilized eggs using a vector. Since the 
fertilization and development of fish eggs 
occurs externally, no process of internal re-
implantation is necessary. Once the females 
have spawned, their eggs can be collected and 
subsequently fertilized without any apparent 
effects upon the development of the salmon 
fry (Fletcher and Davies 1991). GH stimulates 
cell division, muscular and skeletal growth, 
the hepatic production of insulin-like growth 
factor (IGF) and the immune system. The 
production of GH is, in turn, inhibited by the 
presence of glucocorticoids, which have an 
anti-inflammatory function, and by 
somatostatin, which inhibits the production 
of insulin. In addition to Coho salmon, other 
species of salmon have been engineered to 
overexpress GH, including the Cherry salmon 
(Oncorhynchus masou) and, as we will see, 
the Atlantic salmon (Salmo salar). 
2.1 Physiopathology of GE salmon 
An analysis of the literature offers a 
fragmented view of the physiology of 
genetically modified salmon: studies have 
been conducted on different Salmoninae 
subfamily species using different 
methodologies and with different research 
objectives. It is therefore difficult to delineate 
a coherent overall picture. Nevertheless, it 
appears clear that genetically modified 
salmon, independent of the originating 
                                                 
4
 Originating from the Sockeye salmon, 
Oncorhynchus nerka. 
species, differ from corresponding non-
transgenic on at least three levels: growth, 
deregulation of the GH axis, and reproduction.  
2.1.1 Growth 
The most studied species of salmon that has 
been genetically modified to continually 
produce GH is the Coho salmon 
(Oncorhynchus kisutch). This transgenic 
salmon grows at a faster rate than non-
transgenic Coho salmon as a result of its 
greater consumption of food (Sundström et 
al. 2005). Six months post hatching, 
genetically modified Coho salmon reach the 
weight and degree of coloration that non-
transgenic Coho salmon achieve after 24 
months (Devlin et al. 2004). When fed 
identical quantities of food, genetically 
modified Coho salmon do not grow faster 
than their non-transgenic homologues 
(Stevens and Devlin 2005). Furthermore, if 
farmed with insufficient access to food, 
fitness levels in the transgenic Coho salmon 
are drastically reduced compared to those of 
non-transgenic Coho salmon farmed under 
the same conditions, which instead adapt 
better to conditions of food insufficiency 
(Delvin et al. 2004). 
A more in depth study was performed on 
Atlantic salmon (Salmo salar) by Deitsch and 
colleagues (2006). As for Coho salmon, 
transgenic Atlantic salmon grow quicker than 
non-transgenic salmon of the same species: 
transgenic Atlantic salmon achieve a body 
mass index (BMI) that is 21-25% greater than 
that of the non-transgenic ones. However, as 
expected, oxygen consumption is unchanged 
in transgenic Atlantic salmon compared to 
the non-transgenic, as the gill surface area is 
not influenced by GH activity. Whatever the 
cause, transgenic Salmon grow to become 
much bigger fish, although much less efficient. 
Transgenic Atlantic salmon have a metabolic 
rate that is 18% lower and a critical 
swimming speed that is 9% slower than non-
transgenic. On the other hand, transgenic 
Atlantic salmon possess a cardiac volume that 
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is 29% larger, a cardiac output that is 18% 
greater and a post-stress blood hemoglobin 
concentration that is 14% higher than that of 
non-transgenic homologues. These 
physiological modifications, associated with 
significant anatomical aberrations in 
transgenic salmon, may represent 
adaptations resulting from the excessive 
strain placed upon the fish’s metabolic 
system. This, in turn, might have a negative 
impact upon swimming performance (Hu et 
al. 2010). 
Thyroid function plays a key role in growth. 
In a study conducted to investigate thyroid 
function in relation to salmon growth, Eales 
and colleagues (2004) considered three 
groups of Coho salmon: non-transgenic 
salmon fed to satiation (NTS), transgenic 
salmon fed to satiation (TS) and transgenic 
salmon fed the same ratio of food consumed 
by the non-transgenic salmon (TNT). As 
expected, the TS group grew twice as fast as 
NTS and TNT fish. Eales and colleagues then 
evaluated the plasma concentration of the 
thyroid hormones T3 and T4. While no 
differences were found in T4 concentrations 
between the three groups, greater plasma 
concentrations of T3 were found in the 
transgenic salmon (TS and TNT) with respect 
to non-transgenic. At the same time, the 
activity of T3 (and T4) in the liver was less in 
the transgenic salmon (TS and TNT). Thus it 
seems that the plasma concentrations of T3 
and T4 and their hepatic activities depend 
directly on the expression of GH and not on 
the quantity of food available.  
2.1.2 Biochemical alterations caused by 
deregulated GH expression  
In order to understand the chronic effects of 
the deregulated expression of GH, it is 
necessary to analyze the complex cascades of 
intra- and intercellular biochemical reactions. 
Although non-exhaustive, some lines of 
experimental evidence provide important 
information. For example, a study conducted 
on the expression of hepatic genes in 
transgenic Cherry salmon (Oncorhynchus 
masou) revealed that the mRNA expression 
levels of the following proteins are all 
increased in these fishes: the enzyme haeme 
oxygenase; leukocyte cell-derived chemotaxin 
(LECT2); α-trypsin inhibitors; proteins linked 
to iron metabolism; and proteins linked to the 
reproductive system. On the other hand, the 
expression of lectin, D-6-desaturase, 
apolipoprotein and pentraxin were reduced 
in transgenic Cherry salmon. Pentraxin is 
involved in a specific immune processes, 
which appear to be weakened in second (F2) 
and third (F3) generations of transgenic 
Cherry salmon (Mori et al. 2007). In another 
study conducted on transgenic Coho salmon 
fed to satiation, increases were detected in: 
tissue levels of glutathione – a tripeptide that 
performs important antioxidant functions; 
glutathione reductase activity – which 
catalyzes the formation of glutathione 
disulfide; and γ-glutamiltranspeptidasi 
activity in the intestine – an enzyme critical 
for the catabolism of glutathione (Leggat, et 
al. 2007). However, all values lay within 
normal ranges if food ratio were restricted, 
demonstrating that the regulation of the 
antioxidant system is linked to accelerated 
growth and not to the direct activity of the 
transgene. 
2.1.3 Reproduction 
The reproductive behaviors of transgenic 
Coho salmon have been studied in relation to 
the ecological consequences of their 
interaction with wild Coho salmon in natural 
habitats. Bessey and colleagues (2004) 
observed that transgenic Coho salmon are 
able to mate with their non-transgenic 
homologues and give rise to fertile offspring. 
Transgenic Coho salmon reach sexual 
maturity at around 2-3 years of age – 
extremely early compared to non-transgenic 
Coho salmon that instead require 4-5 years. 
Female transgenic Coho salmon appear to be 
more fertile, even though they display less 
courtship behavior and produce fewer eggs of 
smaller dimensions compared to non-
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transgenic females in the wild. Transgenic 
male Coho salmon do not differ from the non-
transgenic males with regard to the 
production of gametes and courtship 
behavior in non-competitive conditions; but 
in competitive conditions, the transgenic 
males also display less courtship behavior. 
2.2 Ecology 
The second line of investigation is focused on 
the ecological impact of genetically modified 
salmon: i.e. the study of the relationships 
between the communities of genetically 
modified and wild (non-transgenic) salmon. 
Two issues constitute the heart of the debate: 
does the presence of the transgene change 
the reproductive fitness of transgenic salmon 
compared to that of wild salmon? And, what 
happens if a transgenic salmon mixes with a 
population of wild salmon? Three main areas 
of experimental investigation can thus be 
defined: (1) the potential competition 
between genetically modified and wild 
salmon populations; (2) the possible transfer 
of the transgene into the wild salmon 
population; and (3) the evaluation of the 
predatory behavior expressed by genetically 
modified salmon towards their non-
transgenic homologues.  
As the evaluation of reproductive fitness in 
natural environments is difficult to evaluate 
experimentally, several theoretical models 
have been developed. One of the most 
interesting model is the one proposed by 
Muir and Howard (1999) who coined the 
concept of the “Trojan Gene Effect”.  The two 
scientists from Purdue University posit that 
when a transgene confers a survival 
disadvantage while at the same time a mating 
advantage, the mating advantage would drive 
the transgene into a natural population while 
the survival disadvantage would cause 
population numbers to gradually spiral 
downward and eventually result in local 
extinction of the wild population. In another 
theoretical model, the increase in the 
frequency of the transgenic genotype 
corresponds with a reduction in the 
reproductive fitness of the wild population 
(Hendrick, 2001). Together, these models 
highlight the fact that the simple introduction 
of a genetically modified salmon into a 
natural environment, independent of its 
relative reproductive fitness that may be 
greater or less than that of the wild 
homologue, increases the risk of extinction of 
the wild species. 
It is also interesting to note the observations 
of Devlin and colleagues (2004): according to 
these authors, when transgenic Coho salmon 
are farmed in the same tank as their non-
transgenic homologues with an abundance of 
food available, the fish develop without 
interfering with each other. However, when 
farmed under conditions of limited food 
resources, the transgenic Coho salmon adopt 
more aggressive behaviors, expressing 
dominance over the non-transgenic and 
interfering with the latter’s growth to the 
extent that the GM fish may start to hunt and 
feed upon the smaller non-transgenic salmon; 
thus leading both populations towards 
extinction. Under the same food shortage 
conditions, the non-transgenic salmon farmed 
alone would have survived without any 
particular problem. Although it is difficult to 
establish conditions of food “shortage” or 
“abundance” in a natural environment, 
concerns remain relative to the danger 
represented by the accidental introduction of 
transgenic Coho salmon into a population of 
wild Coho salmon. 
Overall, these studies seem to highlight a 
recurrent theme within the realm of ecology: 
even minimal variations in baseline 
conditions can result in very different results, 
making studies difficult to compare. It is 
therefore difficult to evaluate experimentally 
the risk associated with the introduction of 
GM salmon into aquatic ecosystems. 
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2.3. Towards the commercialization of GE 
salmon  
When leaving the realm of research and 
stepping into the actual industrial production 
of a patented GE salmon for a possible 
commercial use, the reductionist framework 
of innovation and regulatory science clashes 
inevitably against the precautionary 
approach of ecology and physiology. The 
issues that we have explored so far become 
then inevitably controversial, facts and values 
entangled. Let’s see how. 
As we have mentioned, AquAdvantage 
Salmon is the trade name of the genetically 
modified Atlantic salmon created by 
AquaBounty Technologies Inc. (ABT). 
AquAdvantage Salmon contains a genetic 
construct made by the promoter and the 
terminal region of an antifreeze gene 
extracted from the Ocean Pout (Zoarces 
americanus) genome and the growth 
hormone (GH) regulating gene from Chinook 
salmon (Oncorhynchus tshawytscha). In non-
transgenic salmon, the gene promoter that 
regulates the production of GH is only 
expressed in response to specific 
environmental stimuli, including temperature 
and the duration of daytime light (Bjornsson 
1997), while the promoter in genetically 
modified salmon is constantly active (Devlin 
et al. 1995). As gene expression systems are 
regulated by negative feedback, it is clear that 
the choice of a promoter obtained from a 
species that does not belong to Salmonidae 
was aimed at preventing the action of the 
growth regulators in Atlantic salmon; thus 
isolating the system that produces GM from 
the salmon’s own physiology5. GH in Atlantic 
salmon is very similar to that of Chinook 
salmon, although not identical. The mRNA 
nucleotide sequences of the two GH genes 
possess 90% homology (1013/1126 
                                                 
5
 On the other hand, the choice of an Oncorhynchus 
is not necessary from the biological point of view, 
but it becomes essential to provide the transgenic fish 
with a more reassuring identity as a “natural” fish. 
nucleotides). A comparison of the protein 
sequences found that 198/210 of the amino 
acids were identical, 7/210 of the amino acids 
were similar, but 5/210 amino acids were 
effectively different (Bodnar 2010)6. The 
process of integrating the genetic construct – 
called EO-1α – resulted in the rearrangement 
of the promoter that reduced its potential 
expression. This transgenic salmon was then 
crossed with a non-transgenic Atlantic 
salmon and the EO-1α genetic construct was 
found to be stable in second (F2) and fourth 
(F4) generations (Yaskowiak 2006).  
Female AquAdvantage Salmon homozygous 
for the EO-1α genetic construct are induced 
to transform into males (neomales) by 
treatment with 17-methyltestosterone. The 
male gametes produced (which do not 
contain male chromosomes, however, being 
derived from female chromosomes) are used 
to fertilize the eggs produced by non-
transgenic salmon. In this way, all new-born 
are female and possess a copy of the EO-1α 
gene (Bodnar 2010) .  
The data made available by ABT indicate that 
AquAdvantage Salmon grow in body weight 
approximately 2 times faster than non-
transgenic Atlantic salmon and its feed 
conversion rate is about 10% lower than 
conventional salmon (AquaBounty 
Technology 2010). The idea is then to 
develop a fish product that is substantially 
equivalent to its wild type counterpart, but it 
is functionally different, namely more 
efficient, as it requires less time to grow and 
be ready for the market. 
2.3.1. Growth rate and the standard Atlantic 
salmon 
The official picture of the AquAdvantage 
salmon portrays two fish swimming in crystal 
clear waters over artificially blue pebbles, 
                                                 
6
 This sex-reversal technique is a common practice in 
trout farming, as female grow faster and with has 
higher quality flesh (Dunham 2011). 
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side by side. They both look alike except the 
one is double the size of the other7. The 
image, first publicized by ABT itself and then 
filtered through all scientific and popular 
media, is meant to represent the difference in 
size – and size only – of two salmon of the 
same age, about 10 to 12 months old. In other 
words, it represents a growth rate and not the 
end state of development. The intrinsic 
ambiguity of the picture evokes ABT constant 
need to reassure the public of the fact the 
actual size of its trademarked salmon is not 
out of proportion when maturing and 
entering into the market. An overall larger 
size would indeed foster the stigma of 
abnormality associated with the GE fish and, 
even more importantly, raise ecological 
concerns about a possible mating advantage 
of the transgenic salmon over smaller non-
transgenic populations8.  
If the identity of the bigger fish – the GE 
salmon – is unequivocal, the other – the non-
transgenic, standard comparator – is highly 
controversial. The technical-scientific 
counterpart of this photograph is the ABT 
growth diagram presented in the regulatory 
submission to the FDA, where weight is 
measured as a function of time (Aquabounty 
Technology 2010). There, we see the 
AquAdvantage growth curve comfortably 
above an unspecified “Standard Salmon” size 
development. The issue is to define what a 
“standard” farmed Atlantic salmon actually is. 
Indeed, different strains of salmon do not 
grow alike, and the traditional breeding 
technology has made enormous progress in 
optimizing growth-rates. In 2011, Norwegian 
grower Salmonbreed issued a press release 
showing that its own (non-transgenic) 
salmon grow as fast or faster than ABT 
salmon. In the document, within the same 
kind of diagram, the Salmonbreed growth 
curves are comparable or higher than the 
                                                 
7
 See http://aquabounty.com. 
8
 Published studies report that, in some cases, 
transgenic fish do not only grow faster, but also reach 
a larger size (de la Fuente et al. 1999). 
AquAdvantage salmon (Salmonbreed 2011). 
More recently, a governmental Canadian risk 
assessment draft review casted further 
doubts about the accelerated growth rates of 
the GE salmon (Colwell 2015, Department of 
Fisheries and Oceans Canada 2013). 
What is presented as an objective and certain 
scientific assertion becomes inevitably 
questionable - and it is questioned - when the 
stakes associated with the assertion begin to 
grow. In this case the European salmon 
farmers and breeders, particularly the 
Norwegian who dominate the aquaculture 
industry, a sector that globally amounts to a 
business of $107 billion-a-year, obviously 
look at the possible emergence of a US GE 
salmon into the international market with 
careful and competitive attention (Gibbs 
2011).  
 
2.3.2 Physiopathological problems and the 
data controversy 
In a report addressed to the Center for 
Veterinary Medicine of the U.S. Food and 
Drug Administration (CVM-FDA), ABT 
acknowledges that the first generations of 
AquAdvantage Salmon exhibited a high rate 
of malformations, although they then 
underline that after ten years of crosses “the 
health and well-being” of AquAdvantage 
Salmon does not differ from that of non-
transgenic Atlantic salmon (AquaBounty 
Technology 2010). However, no scientific 
explanation of this phenomenon is supplied. 
The Veterinary Medicine Advisory Committee  
(VMAC) seemed to be surprised, above all 
because “the decrease in irregularities was 
not as notable in non-GE comparators”, but 
they then concluded that “it may be a function 
of the underlying genetics of the brood stock 
families used in the breeding crosses, or 
possibly, other factors” (VMAC 2010, p. 29). It 
would be interesting to know what these 
“other factors” are, as the data arising from 
only five years of investigation were 
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considered and, above all, the trend in the 
values of malformations seems to be random: 
for example, in the final year of analysis, the 
percentage of non-transgenic salmon, used as 
controls, presenting malformations was equal 
to 71.5% (Table 4, p. 28), a surprisingly high 
value.  
In addition, a more complete understanding 
of animal physiopathological issues is 
problematic, as a consequence of the 
standard culling practice for selectively 
improving the brood stock and optimize the 
use of available space, the AquaBounty data 
about physiopathological problems were 
inherently biased (FDA–VMAC 2010 p.26). 
This issue has been acknowledged by the 
VMAC and the FDA suggested implementing 
“post-approval safety surveillance” measures, 
applying a controversial post-market 
regulatory approach (FDA–VMAC 2010 p.60, 
Development Fund 2013).   
Finally, until ABT releases the experimental 
protocols about the growth of the 
AquAdvantage salmon, the only possibility for 
independent researchers is to extract 
inferential data from similarly engineered 
species. And, as we have seen, the available 
data indicate: 1) serious skeletal and 
muscular malformations that can 
compromise the swimming performance of 
the fish (Lee et. al. 2003) 2) un-synchronic 
growth of the skeleton-muscular apparatus 
with respect to the cardio-breathing 
apparatus, which can even kill the fish for 
suffocation (Deitch et al. 2006) 3) hormonal 
dysfunctions, in particular regarding the 
thyroid gland, which regulates the overall 
metabolism of the organism (Eales et al. 
2004).  
2.3.3. Ecological problems and the narrative of 
control 
Currently, ABT produces GE salmon eggs in 
its facility in Saint Prince Island, Canada and 
then fly them to another facility in Boquete, 
Panama where the salmon are grown to 
market size. The plan is then to ship the final 
fish product to the United States for 
consumption. This quite impractical 
geographical and logistic configuration has a 
specific history.  
In 1995, when E/F Protein – the early name 
of today AquaBounty - first applied to the U.S. 
Food and Drug Administration to regulate its 
product, the AquAdvantage salmon was 
meant to occupy a (possibly advantageous) 
place into the conventional open-water net-
pen marine aquaculture industry (Bratsbies 
2008). The life of this business plan was 
meant to be short.  
As transgenic salmon can mate and give rise 
to fertile offspring, in the late nineties, raising 
concerns about the environmental risks of GE 
escapees into open waters prompted the 
North Atlantic Salmon Conservation 
Organization (NASCO) to issue specific 
guidelines directing that aquaculture of 
transgenic salmon occurred only in self-
contained, land-based facilities (NASCO 1997) 
and enacted an agreement to adopt a 
precautionary approach to the possible 
implementation of GE salmon aquaculture 
(NASCO 1998). In 2002, the National 
Research Council also called for caution in 
experimentation and commercialization of 
transgenic fish (NRC 2002). The open 
questions of gene transfer and possible 
genetic invasion of the transgenic species, 
fostered by the formulation of the Trojan-
Gene Effect by Muir and Howard in 1999, 
fuelled vigorous objections to the possible 
commercialization of GE salmon by a number 
of NGOs and other representative of the civil 
society, such as the Union of Concerned 
Scientists, calling for more information and 
research given the many unknowns of this 
open field experimentation (UCS 2001). In 
2003, this overall climate lead NASCO to issue 
a resolution terming transgenic salmon as 
“high risk” and proposing a set of guidelines 
to direct member states to “take all possible 
actions to ensure that the use of transgenic 
salmon, in any part of the NASCO Convention 
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Area, is confined to secure, self-contained, 
land-based facilities” (NASCO 2003).  
Given the broad and raising agreement about 
the potential risks of GE salmon joining the 
vast crowds of escapees from conventional 
open water net-pen aquaculture (Gausen and 
Moen 1991, McKinnell et al. 1997 and Crozier 
1998), and the consequent lowering 
probability of approval from the FDA, 
AquAbounty modified its business plan, 
abandoning the idea of conventional open sea 
facilities and moving towards the idea of self-
contained, land-based aquaculture. From then 
on, with a quite brilliant marketing shift, the 
GE salmon became the only solution to make 
this highly expensive and less polluting fish 
farming technique economically feasible.  
A new facility was established in 2007 in the 
remote Panamanian location of Boquete, on 
the banks of the Calderas river in the western 
highlands of Chiriqui province. The choice of 
the place was never commented by ABT, if 
not on the grounds of being a highly hostile 
environment for possible escaped salmon. 
Indeed the water temperature of the nearby 
canals is high enough to jeopardize the 
survival of a GE salmon, and the closest sea is 
the Pacific ocean, where AquAdvantage 
Atlantic salmon would have no chance to 
reproduce, given that Atlantic and Pacific 
salmon don’t interbreed9 (Bodnar 2010).  
Established in 1996, the hatchery in Saint 
Prince Island is also self-contained. Although 
the fresh watercourses in Eastern Canada 
have been historically one of the natural 
habitats of Atlantic salmon, their current 
degradation due to acid rain and the 
installation of physical barriers make them an 
                                                 
9
 Commentators suggest that ABT moved to Panama 
for its less regulated approach to biotechnology. 
Indeed, if the GE salmon they are grown outside of 
the United States, AquaBounty does not have to 
complete a full Environmental Impact Statement as 
required by the Environmental Protection Agency 
(Greenberg 2010). 
unfriendly environment to salmon escapees 
(Bodnar 2010). 
Following a narrative of control (Benessia 
and Barbiero 2012), in addition to these 
environmental barriers, ABT implemented a 
number of containment strategies within its 
facilities. The first barrier is biological, 
consisting on farming only sterile female 
salmon. Sterility occurs due to the fact that 
these salmon are made triploid, i.e they 
contain three copies of each chromosome, 
instead of the usual two copies (diploid). 
Crucially in this context, triploid fish do not 
produce gametes. The most common method 
used to create triploid fish is to expose the 
eggs to a pressure shock treatment. This 
causes the retention of the second polar body 
and the eggs thereby retain their 
chromosome complement (Benfey et al. 
1988). However, triploid fish develop more 
slowly (Devlin et al. 2004) and exhibit a 
higher probability of manifesting aberrant 
phenotypes (VMAC 2010), but this seems to 
be the price that the industry is willing to pay 
in order to guarantee the sterility of farmed 
salmon. 
Moreover, and quite significantly in this 
scenario, sterility is never complete (Devlin 
2010). This procedure has a success rate 
equal to 98.9% in the ABT laboratories, with 
1.1% of eggs remaining diploid. An open 
concern about this issue emerges in the 
report by ABT: “the acceptance criterion is 
such that the likelihood of releasing a batch of 
eyed-eggs that are not at least 95% triploid is 
less than 0.05. Individual upwelling chambers 
that fail to meet test criteria will be re-tested 
and destroyed upon confirmed failure” 
(AquaBounty Technology 2010, p. 61). 
Confirming the lack of reliability of the 
proposed sterilization procedure, in 2011, the 
US Department of Agriculture granted the 
company a controversial funding of about half 
a million dollars to improve ABT biological 
containment technologies (USDA 2011). 
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Finally, the physical containment consists on 
an elaborate series of measures, leading the 
ABT CEO Roy Scotish to define its facilities as 
“aquatic Forth Knox” (Henry 2014). Indeed, 
ABT isolates its structures through the use of 
security enclosures, the use of 24-hour 
surveillance guards assisted by security 
cameras, the implementation of a series of 
filters, nets and other containment systems, 
and the sterilization of the egg production 
plant drainage areas using chlorine to kill 
eggs that escape filters (Bodnar 2010).  
The risk of harm from GE animals is defined 
in the regulatory framework as the product of 
(a) harm, given exposure to the hazard (i.e. 
the GE animal) and (b) the probability of 
exposure. By focusing on the reduction of the 
probability of exposure, with its redundancy 
of biological, environmental and physical 
security measures, ABT has obtained a 
favorable environmental assessment from the 
FDA in 2013, with a “finding of no significant 
impact” (FDA 2013).  
William R. Muir, one of the authors of the 
well-known work on the “Trojan gene effect”, 
presented his own favorable scientific-based 
opinion in a VMAC public meeting, hosted by 
the FDA in September 2010 (Muir 2013). In 
his talk, he explained why the AquAdvantage 
salmon would not be a plausible carrier of a 
Trojan gene, thus presenting “little or no 
environmental risk” of genetic spread, 
quoting among others, the work of Moreau 
and colleagues. In this paper, published in 
2011, the authors conclude that: “Although 
transgenic males displayed reduced breeding 
performance relative to non transgenic ones, 
both male reproductive phenotypes 
demonstrated the ability to participate in 
natural spawning events and thus have the 
potential to contribute genes to subsequent 
generation" (Moreau et al. 2011). The search 
for liminal knowledge that characterizes the 
epistemic culture of precautionary science is 
measured up against the more pragmatic 
need for certainty of regulatory science: what 
constitutes a little – essentially not 
measurable – risk of genetic spread, becomes 
not significant in the hands of a scientific 
advisor called to regulate a product of 
technoscientific innovation10.  
In the second part of its report, Muir 
presented “theory and data concluding that 
conventional farming of salmon in net pens is 
potentially more harmful than GE salmon due 
to competition and genetic load issues” (Muir 
2013). His rationale for comparing the two 
distinct cases is justified by the fact that, in 
his words, “there is no such thing as zero 
risks and all risks are relative to an 
alternative” (Muir 2013). In analogy with the 
purported benefits of AquAdvantage salmon 
– namely its growth rate – the objectivity 
inherent in the choice of the relative risk 
comparator is questionable. More specifically, 
the idea that the two options are mutually 
exclusive and they are the only available 
possibilities is the result of a specific implicit 
framing of the issue at stake. As we will see, 
the more likely scenario in case of approval is 
that both products (GE salmon produced 
inland and non-GE salmon produced in open 
waters) are available and competing on the 
market. 
Moreover, in this approach to risk 
assessment, the kind of farmed fish (i.e. the 
                                                 
10
 In addition to the concerns related to the impact on 
the genetic makeup of wild salmon populations of a 
Trojan Gene, escaping GE populations might also 
adversely affect other native fish, invading their 
niches. In a recent article, scientists from Canada 
have found that transgenic Atlantic salmon can cross-
breed with the brown trout, a closely related species 
(Oke et al. 2013). Even sterile GE fish may pose 
problems to wild populations, as escaped transgenic 
fish would still engage in courtship and spawning 
behaviour that could disrupt breeding in wild 
populations and decrease overall reproductive 
success. Also, even without exhibiting any 
reproductive behaviour at all, escaped sterile fish 
could still create ecological interference by simply 
competing with wild fish. In this overall scenario, the 
presence of radical uncertainty and unknown 
unknowns cannot be ruled out (Kapucinsky in Palca 
2011). 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 47 
 
 
harm factor) and the facilities in which they 
are raised (i.e. the probability of exposure) 
are intertwined: when compared to the highly 
vulnerable conventional aquaculture net-
pens, in direct contact with open waters and 
prone to the attack of predators and extreme 
weather events, the ABT actual aquatic Fort 
Knox-types facilities are predictably less 
exposed to a risk of breakdown. On the other 
hand, the risk of escaped non-transgenic 
salmon compromising the wild populations 
relative to the one of escaped GE salmon is 
essentially skewed towards the latter: this is 
the reason why, as we have seen, 
conventional aquaculture of GE salmon has 
been classified as “high risk” by NASCO in 
200311. Clearly, then, the safest way to farm 
GE salmon is inland, but the optimal solution 
in terms of relative risks would be to raise 
non-GE salmon under the same conditions, 
requiring less security measures. When 
combined with the dispute about the actual 
growth rate of non-transgenic salmon, the 
debate about relative risk and benefits 
becomes inevitably complex and 
controversial. 
Finally, in terms of absolute, cumulative risk, 
when the pre-market scenario is scaled up to 
the extensive commercial operations, all 
measures of containment and risk mitigation 
become questionable. Indeed, in the event of 
a final approval, AquaBounty plans on selling 
the GE sterilized eggs to ad hoc contained, in-
land facilities in the US territory and Canada, 
supposedly equipped with the same complex, 
expensive system of barriers. Given the 
significant numbers of fish raised in such a 
large-scale industrial production system, 
                                                 
11
 The FDA did examine the likelihood of GE salmon 
escaping (i.e. probability of exposure), but did not 
extensively analyze the environmental consequences 
if salmon did escape (i.e. harm, given the exposure to 
the hazard). The quality of the expertise of the US 
Agency has been highly contested, together with the 
failure to adequately consult with other US 
government agencies with the required expertise (US 
Senate Subcommittee on Ocean, Atmosphere, 
Fisheries and Coast Guard Oversight 2011). 
even a very low but non zero probability of 
accident, inherent in any system of barriers 
(Guarnieri et al. 2008), would end up 
amounting to a significant risk of GE salmon 
escape, drastically raising up the probability 
of exposure.  
2.3.4 Human health implications and material 
equivalence  
As we have mentioned, the AquAdvantage 
Salmon is the first genetically modified 
animal designed for human consumption. The 
issue of its health implication is thus 
absolutely new and, for this reason, 
independent, systematic studies about food 
safety do not yet exist. The matters of concern 
are two-fold: (1) allergenicity, and (2) the 
undesired modification of the biochemical 
composition of the edible tissues due to the 
alteration of metabolic processes. 
The Atlantic salmon in itself is a known 
allergenic food, thus it is probable that the 
AquAdvantage Salmon is also as such. ABT 
claims to have conducted studies on its 
allergenicity, but they were considered as 
unsatisfactory by the CVM-FDA. The CVM-
FDA have since conducted their own studies 
on the allergenic potential of triploid salmon 
expressing the EO-1α gene, which did not 
result as being different from that of controls 
(VMAC 2010).  
ABT declares to have carried out analyses on 
the principal biochemical components of the 
edible tissues of the salmon (carbohydrates, 
proteins, total fats, vitamins and minerals) 
without finding any significant variations, 
with the only exception of a slight increase in 
the concentration of vitamin B6 in the 
AquAdvantage Salmon (0.77 mg/g of tissue), 
which anyway remains lower than that found 
in other edible fish, such as tuna (0.8 mg/g). 
However, the most important problem could 
be the increased hormone content of the 
edible tissues of the AquAdvantage Salmon. In 
particular, the higher concentration of 
insulin-like growth factor-1 (IGF-1) gives rise 
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to concern: 10.26 ng/g in AquAdvantage 
Salmon compared to 7.34 ng/g in wild 
Atlantic salmon. IGF-1 in salmon, though 
being relatively different to the human 
version (35/141 amino acids are different), 
could conserve significant biological activity. 
IGF is a strong stimulator of cell proliferation 
and its production by specific types of 
hepatocyte depends directly on the activity of 
GH (Giovannucci et al. 2003). According to 
Bodnar (2010), salmon IGF-1 is 2-3 times less 
effective at binding human IGF-1 receptors 
compared to mammal IGF-1. But these are 
very approximate data. The conditions of 
these evaluations are not indicated and the 
receptor-hormone affinities in very different 
species is not explored. As IGF-1 represents a 
critical issue, it is unsettling that the FDA 
hasn’t conducted a complete analysis in order 
to evaluate on the one hand the actual 
concentration of IGF-1 in edible tissues of the 
AquAdavantage salmon, on the other the 
binding affinity with the human IGF-1 
receptor (McEvilly 2013).  
In addition, as we have seen regarding the 
biochemical alterations caused by 
deregulated GH expression, the study of the 
possible health implications cannot be limited 
to the analysis of the direct effect of the 
transgene action (VMAC 2010), nor to the 
study of allergens (Van Eennemann and Muir 
2011) but has to be extended to the direct 
and indirect effects on the entire cell 
metabolic network.  
In conclusion, from what we have explored so 
far, the assessment of environment and 
health implications is fragmented and 
incomplete within the regulatory framing of 
the FDA. However, even more radically, it is 
also inherently limited by the choice the 
framing. The health risks are quantified by 
FDA by comparing the nutritional profile of a 
GE salmon to a non-GE salmon and screening 
for toxins and allergens, in order to evaluate 
if the transgenic fish is “materially 
equivalent” to the non-transgenic one. This 
quite restrictive approach, which doesn’t 
consider the environmental issues per se, 
derives from the fact that the transgenic 
animals are regulated as veterinary drugs and 
not as food. Indeed, according to US 
regulatory processes12, the transfer of genetic 
information can be viewed as a way to deliver 
a drug (hormone, protein, etc.) to the tissue of 
the animal. In the case of the AquaBounty’s 
transgenic fish, the ocean pout promoter gene 
is considered as a drug delivering growth 
hormones to the tissues of the fish. Moreover, 
only an abstract pre-market scenario is 
analyzed, leaving aside the considerable 
possible larger-scale, irreversible 
implications of the actual GE salmon 
commercialization (Bratspies 2008, Smith 
2010).  
Overall, in this highly reductionist 
framework, the complexity of the interaction 
between the transgenic fish and the network 
of ecological, economical, social and cultural 
systems it depends upon, is not 
acknowledged. 
3. GE salmon and the narrative of 
innovation: optimization and 
substitution 
With this overall picture in mind, let’s now 
shift our attention to the driving forces that 
have brought into existence the 
AquAdvantage salmon, and the current legal, 
scientific and regulatory controversy around 
it13.  
                                                 
12
 The United States has decided to regulate 
transgenic animals under the Food and Drug Act’s 
New Animal Drug Act (NADA) authority 
(CEQ/OSTP 2000). 
 
13
 A full account of the controversy around the 
commercialization of AquAdvantage salmon is 
beyond the scope of this work. We provide here an 
overview by listing the main stakeholders involved 
and referring to a few articles in journals and mass 
media for some details: 1) ABT, trying to financially 
survive and move forward its business plan (Pollack 
2012b); 2) FDA, slowly progressing in the regulation 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 49 
 
 
As we have mentioned, the motives behind 
the research, production and possible 
commercialization of the transgenic fish can 
be regarded as belonging to a grand narrative 
of technoscientific innovation, defined as the 
engine of economic, social and environmental 
wealth, and a way out of our contemporary 
systemic crisis (European Commission 2010 
and 2011). 
3.1. The narrative of innovation and the 
commoditization of food 
The dominant discourse about innovation is 
invoked as a solution for sustaining our 
accelerating increase of global resource 
consumption within a single planet, i.e. a 
complex, closed and finite system, with 
limited stocks and bio-geo-chemical 
resilience (Rockström et al. 2009). The way 
out of this paradoxical dynamic is to rely on 
the (unlimited) human creativity, in order to 
decouple growth from scarcity, optimizing 
the use of natural resources and ultimately 
substituting them altogether, with 
substantially equivalent, technological 
optimized artifacts. At the same time, in the 
narrative of innovation, the human power to 
enhance socio-ecological systems has to be 
applied to treat the possible negative 
outcomes as they arise, taming complexity, 
uncertainty and the risks of failures through 
                                                                         
process (Pollack 2010) 3) the government of Canada 
and Panama addressing regulatory and economic 
issues (Goldenberg 2013, Colwell 2015); 3) US 
Senate and Congress, Obama administration (United 
States Senate 2013, Congress of Representatives 
2013, Goldenberg 2013, Entine 2011); 4) US 
aquaculture industry (Joy 2010); 5) other nations 
expressing the interests of their aquaculture industry 
(Development Fund 2013); 6) the animal 
biotechnologists and the biotech industry (Prakash et 
al. 2012, Muir 2013 and Roberts et. al.2014); 6) food 
related NGOs (http://www.centerforfoodsafety.org 
http://www.foodandwaterwatch.org  see for example 
Larsen 2014) 7) the US retailers and consumers 
(Burros 2002). For a general overview of the recent 
chronology see: 
http://www.thestar.com/projects/genetically_modifie
d_food_should_we_fear_this_fish.html 
the implementation of effective ad hoc 
technoscientific silver bullets.  
Moreover, innovation is taken as the 
mainstream solution in order to keep 
sustaining growth in a hyper-saturated 
market, by opening up new pathways of 
competitiveness and consumption, to be filled 
with new, constantly upgraded and more 
seductive products and services.  
Finally, in order for the whole narrative to be 
functional, a fundamental condition has to be 
met: citizens of developing, developed and 
declining economies have to value and 
ultimately buy - both metaphorically and 
literally – the processes and products of 
technoscientific innovation. This means that 
the societal expectations about the goods 
have to be encouraged and the concerns 
about the bads deflected (EC 2013). 
In terms of food production, this narrative 
was first at work in the 60s, with the wonders 
of the “Green Revolution”: the prospect to 
intensify and optimize the process of 
agriculture and farming through the use of 
chemical and mechanical technologies, all 
based on fossil fuels. With the 
industrialization of the production system 
and the ability to accumulate a significant 
surplus, the commodification of food became 
possible. As a result of this process, food 
began to be considered for its exchange-value 
first, and its use-value only second (Araghi 
2003). The ideal of technological power as a 
way to provide food security and at the same 
time economic growth was then established. 
Production efficiency had to be indefinitely 
increased in order for industries to continue 
growing and rising return of investments: the 
combination of selective breeding, fertilizers 
and pesticides became essential for the whole 
system to be functional. This focus on 
optimization necessarily externalized 
environmental degradation and ecosystems 
disruption, and fostered the idea that natural 
resources could be substituted with 
technologically enhanced products. 
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In early nineties, with the globalization of 
food markets, this transition was deepened 
by a number of factors, including the 
decoupling of animal farming from land 
(Naylor et al. 2005) and the onset of genetic 
engineering into the agri-food industry 
(Jasanoff 2005). With the so-called “Gene 
Revolution”, biotechnology monopolized the 
scene of technoscientific innovation for food 
production, with the promise of boosting 
yields and reducing production costs and 
environmental impacts, thus ensuring – again 
– both higher profits and food security for a 
growing population. This further move 
towards the commodification of food 
consisted on the possibility to transform the 
conventional practice of selective breeding 
into an invention – through direct genetic 
manipulation – that could be patented, just 
like any other technological breakthrough. In 
the late nineties, this further technoscientific 
move encountered the opposition of citizens 
and governments, especially within the 
European Union, for a combination of 
environmental, health and economic 
concerns (Jasanoff 2005). In a quite 
unanticipated scenario, the biotech industry 
had to develop a whole new set of positive 
narratives, in order to balance the resistance 
of both investors and consumers (Benessia 
and Barbiero 2012): once again, the urgent 
need to feed a fast growing global population, 
then the necessity to adapt to and even 
mitigate climate change, and finally the 
possibility of limiting the use of chemical and 
pesticides. These were developed then as 
main arguments in favor of a transition to a 
genetically engineered agriculture system.  
Around the same time and within the same 
context, the farming of aquatic organisms in 
controlled environments became a global 
industry, supplementing the declining supply 
of fisheries and increasing the global fish 
market. In perfect analogy with industrial 
agriculture and farming, the ideal of the “Blue 
Revolution” is to use technology to maximize 
productivity by reducing unpredictability – in 
this case of harvesting fish – and boosting the 
efficiency of animal growth and feed-to-
biomass ratio through selective breeding.  
A new “food regime” was then in place, where 
animal proteins produced with feed from a 
variety of nations were channeled into 
consolidated food chains to supply privileged 
consumers with fresh meat and fish 
(McMichael 2009).  
As we have seen, in the same years, a US 
aquaculture industry named E/F Protein 
developed and patented a fast-growing fish 
called AquAdvantage salmon. The US Food 
and Drug Administration was then appointed 
to regulate its possible commercialization for 
human consumption. 
3.2 The salmon industry: optimization and 
substitution  
Today, approximately half of all fish 
consumed by humans is raised on farms and 
modern industrial salmon aquaculture is 
among the most relevant and profitable form 
of fish farming (FAO 2014). The recent 
history of the relationship between human 
beings and salmon follows a common pattern 
of over-exploitation and environmental 
degradation, leading to a major decline in the 
wild fish populations, both in the Atlantic and 
the Pacific rivers and oceans (Greenberg 
2010). Like with other natural resources, we 
are facing the paradox of a required 
production growth within a regime of 
increasing scarcity. The majority of the 
world’s fisheries are either fully exploited, 
overexploited, or depleted. It is estimated 
“that the global ocean has lost more than 90% 
of large predatory fishes” since the pre-
industrial level (Meyers and Worm 2003). 
In the framing of innovation, the growing 
demand of seafood is driven by consumption 
needs, caused population growth and a 
legitimate call for healthier sources of animal 
proteins, leading to the necessity of 
producing more fish for the global market. On 
the other hand, scarcity of salmon resources 
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is due to overfishing and habitat depletion. 
The solution to this conundrum consists on a 
number of technological fixes, enacted both 
as conservation measures and production 
boosts. These innovations are founded on two 
fundamental principles: optimization and 
substitution. The first is the ideal that the 
efficiency of production can be increased 
more or less indefinitely, through a 
progressive reduction of the matter, energy 
and time involved in the process. This is only 
possible if a second assumption is considered, 
i.e. that natural resources can be substituted 
with technologically enhanced artifacts. In 
our case, the ecological and biological 
characteristics of salmon can and have to be 
altered so that they no longer require free-
flowing clean rivers for spawning and 
reproduction, and entire seasons in the ocean 
for predating and maturing.  
In their recent studies on fisheries and 
aquaculture, US environmental sociologists 
Clausen, Longo and Clark (2012, 2014 and 
2015) provide a compelling historical and 
socio-economic analysis of these 
technoscientific fixes on wild salmon, 
essentially structured in three phases: 
hatchery enhancement, conventional fish 
farming and genetic engineered inland 
aquaculture. In our context, each phase 
corresponds to the substitution of a 
component of salmon lifecycle, in order to 
keep optimizing the production process and 
increasing its output, in spite of 
environmental degradation and ocean 
depletion. 
The first hatchery-enhancement policies, 
introduced in the late nineteen century in 
Basin Columbia, aimed at supplementing wild 
population to increase the number of salmon 
that could be sold on the market, while 
mitigating the effect of salmon habitat 
degradation. At that time, the migratory 
rivers were progressively covered with dams 
to supply with hydroelectric power the 
raising industries and irrigation-intensive 
farms, and the clean, oxygenated watersheds 
were polluted by agricultural run-off and 
industrial waste (Lichatowicz 1999). Salmon 
could no longer reach their natural spawning 
grounds and the technical solution was to 
substitute natural with artificial spawning: 
fish managers could extract the eggs and milt 
from salmon brook stock, mix their genetic 
material and raise the fertilized eggs in closed 
containers. Once the salmon grew enough in 
the hatchery, they would be released into 
selected streams and allowed to reach the 
oceans. This technological fix introduced the 
issue of genetic pollution: the genetic traits 
selected to optimize the salmon’s early life in 
the hatchery environment decreased their 
fitness in natural environment. As they were 
interbreeding with wild salmon, they ended 
up weakening the overall population and 
paradoxically contributing to its further 
decline. In other words, the substitution had a 
cost.  
The next stage in the process of optimization 
was the introduction of salmon farming, 
which expanded in the global market in the 
early 1980s. In this case, the entire migration 
process is eliminated and salmon remain in 
captivity for their whole lifecycle. The young 
smolts14 are transferred from the hatchery 
were they were born to net pens or cages 
suspended in coastal marine waters, where 
they are artificially fed and allowed to grow 
until right before sexual maturity. At that 
time, they are harvested and sold.  
By compensating and ideally substituting 
traditional fishery in the global market, this 
innovation is meant to eliminate the need to 
regulate harvest and protect or restore 
salmon habitat. Moreover, this optimization 
process allows producing fresh salmon all 
year around, of uniform size and features. In 
analogy with industrial agriculture and 
farming, conformity and predictability 
substitute variety and seasonality.  Moreover, 
as the industrialization process is complete, 
                                                 
14
 The young salmon are called smolts when they are 
ready to live in saltwater. 
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the energy, matter and time required to 
produce one salmon can and have to be 
optimized: through selective breeding, 
photoperiod and water temperature 
manipulation, mechanized and high 
performance feeding. The costs of this 
substitution, namely the physiological, 
environmental and ecological drawbacks – 
such as infectious salmon anemia (ISA) 
outbreaks, sea lice infestations, water and 
genetic pollution  ¬– are supposedly 
controlled and treated through more fixes 
and containment measures, or simply 
externalized (Lymbery 2002). Moreover, as 
the natural ratio between big predators - such 
as salmon - and the small fish they eat is 
broken, a new resource scarcity issue has to 
be solved. Small fisheries and the fish oil 
derived from them, fundamental for intensive 
aquaculture feed, are rapidly declining.  
In this framework, salmon is conceived and 
valued as a commodity for global markets, 
requiring constant growth and returns on 
investments, rather than as a nutritional food 
source and a component in an ecosystem. 
Interestingly though, in order for the whole 
system to be functional, as we have 
mentioned, people have to value farmed 
salmon in order to buy them, and they are 
certainly more inclined to do it if they identify 
them as a source of healthy and 
environmentally friendly food, than as an 
industrially optimized commodity. Hence the 
inherent ambivalence of the whole narrative 
of innovation: For investors, salmon farming 
is the best solution for optimizing the 
production process and boosting productivity 
and profits. For consumers, salmon farming is 
meant to fix the issue of wild fish population 
decline, while feeding a growing human 
population with a healthy and cheap source 
of animal proteins. This is the ideal and 
controversial win-win scenario of sustainable 
growth (Benessia and Funtowicz 2015): one 
interesting open question in this regard is if 
the actual demand of seafood is driven by 
production (i.e. need for economic growth) or 
consumption (i.e. actual need for food). From 
what we have seen, in the current “third food 
regime”, the former is a far more likely 
candidate for an answer than the latter.  
In this overall context, the idea of producing a 
genetically modified, fast-growing salmon for 
human consumption becomes perfectly 
understandable and not novel at all, as 
belonging to the same path-dependent 
trajectory of innovation. The narrative 
associated with the product of AquaBounty 
follows the lines of the previous technologies: 
For the consumers, it is meant to address the 
issue of global hunger and provide healthy 
and cheap animal proteins (Smith et al. 
2010), while tackling the problem of fishery 
depletion (the first level of environmental 
cost of the industrialization process). 
Moreover, it promises to fix the ecological 
consequences of the technology it is supposed 
to replace, namely the environmental 
pressure of conventional aquaculture (the 
second level of environmental costs). For the 
investors, transgenic salmon aquaculture is 
meant to further lower the budget of 
production, by improving productivity and 
profit shares15.  
All this is proposed at the price of a new kind 
of substitution, within the salmon’s own 
physiology. The idea is to push the 
optimization process one step further by 
enhancing the fish metabolism so that it 
requires even less time, space and matter to 
grow to market size. What was originally a 
wild fish is substituted with a 
technoscientific, patented invention16. As we 
have explored in the first part of our work, 
once again, this substitution has an inherent 
cost, represented by the higher stakes in 
                                                 
15
 This aspect is controversial, as it depends on the 
amount of licensing fees for the patented eggs and the 
cost of the environmental conditions and the 
containment measures required for deployment 
(Kelso 2003). 
 
16
 The AquAdvantage salmon was defined as one of 
ten best inventions of 2010 by Times magazine 
(Walsh 2010). 
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terms of public and private investments, 
health and environmental risks.  
Finally, given the resistance of both potential 
consumers and investors (Kelso 2003), a new 
set of arguments is added to the narrative, 
mainly directed to regulators and based on 
the political economy of food, namely the 
global competition for market shares. First, as 
a major innovation in the homeland industry 
of fish farming, the production of transgenic 
salmon is aimed at bridging the gap of the US 
seafood trade deficit (Forristall 2014). 
Second, a refusal or even a delay in the 
approval of the new technology could create a 
possible competitive disadvantage with other 
countries eventually ahead in the business of 
transgenic animal food (Maxmen 2012, Van 
Eenennaam in Watson 2013).  
The AquAdvantage salmon can then be 
interpreted as the tip of the iceberg of a 
global, fully commodified food production 
system whose dynamic is constrained within 
the path-dependent trajectory of innovation. 
However, as the stalling FDA regulatory 
status manifests, the emergent complexity 
and radical uncertainty of this open-field 
experimentation challenge its inevitability 
and open up a democratic space of discussion.    
We devote our concluding remarks to explore 
how. 
4. Concluding remarks: evaluating 
the quality of (GE) salmon 
As we have mentioned, the whole narrative of 
innovation can only be functional if the 
citizens and potential consumers value and 
ultimately buy the products of the emergent 
technologies. This means that the societal 
expectations about the goods have to be 
encouraged and the concerns about the bads 
deflected. The set of arguments that we have 
reviewed so far have precisely this function. 
However, the ultimate fate of a new 
technology fundamentally depends on 
identifying what the goods and the bads 
actually are and for whom, at any given time. 
This recognition has to do with how the 
product of technoscientific innovation is 
valued, therefore with its quality. 
Failing to acknowledge the quality criteria of 
potential consumers and investors can be 
lethal, and it is at the heart of the so-called 
“Concorde syndrome” (Giampietro 2009). 
The Concorde syndrome occurs when the 
framing of the problem to be solved and 
therefore the technoscientific tools provided 
to address it, are obsolete with respect to the 
actual social perception of what the needs to 
be fulfilled are. In the case of the legendary 
airplane, the problem to be solved was to 
build a supersonic commercial aircraft that 
could fly much faster than all its competitors 
– as a matter of fact twice as fast – so as to 
become the preferred carrier for both 
investors and customers. However, the 
Concorde was permanently dismantled in 
2003, and not because it was more risky or 
environmentally harmful, but because the 
actual flying time did not prove to be a critical 
factor for choosing it, and the global aviation 
industry ended up privileging slower, time 
flexible and cost effective flight systems.  
In our case, the application of genetic 
engineering to commercial aquaculture in 
order to further optimize production rates 
and profits might end up being a failure, 
independently of the outcome of the 
regulation process, for two orders of reasons.  
The first is more pragmatic: the overall 
limited potential economic gain of transgenic 
aquaculture (still to be demonstrated) might 
not justify switching to a new costly, risky 
and highly secured technology from 
conventional aquaculture practices. 
Moreover, the selectively bred salmon 
industry might boycotting it, fearing that the 
public perception of transgenic fish as 
environmentally risky would increase the 
social controversy and conflict surrounding 
its practice in the US and Canada, making the 
industry expansion more difficult.  
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The second order of reasons is more radical: 
it might well be that this ultimate 
technoscientific substitution process 
stretches excessively the definition of what a 
salmon is, possibly tearing apart the very 
texture of the space in which the trajectory of 
innovation moves along. The framing of food 
as a commodity entails the application of the 
principle of substantial equivalence, at the 
foundation of FDA’s impact assessment 
procedure. This means that independently 
from their taste, texture, smell, cultural 
traditions and above all, independently of the 
process by which they are produced, food 
products with essentially the same nutritional 
components are assigned to the same 
category, and have all the same quality. In this 
framing, wild Atlantic salmon is equivalent to 
farmed Atlantic salmon, and the latter is in 
turn equivalent to the transgenic 
AquAdvantage salmon. It might well be that 
this equivalence breaks down on the shelf of 
grocery stores and on the tables of US 
consumers17, and not necessarily only for 
(more or less scientifically-based) health or 
environmental fears, but also because they 
simply don’t identify the farmed (GE) salmon 
as valuable food18. 
                                                 
17
 In September 2010, a US public survey 
commissioned by the Center for Food Safety showed 
that 91% of Americans opposed the 
commercialization of genetically engineered fish and 
meat into the market place, 83% of which strongly so 
(Lake Research 2010). Around the same time, more 
than 60% of readers of the conservative Wall Street 
Journal declared that they wouldn’t eat the transgenic 
salmon (Wall Street Journal 2010). In 2013, the FDA 
public hearing period after the release of the GE 
salmon environmental assessment ended with 1,8 
million of comments against the approval. 
Meanwhile, since 2002 some of the main US retailers 
such as Trader Joes, Whole Foods, Alti and Marsh, 
joined by a number of US chefs and grocers publicly 
declared that in case of approval they would not sell 
the GE salmon (Burros 2002). 
 
18
 The issue of the labeling of GE salmon is still 
unresolved, although an overwhelmingly 93% of US 
consumers are in favor (Thomson Reuters 2010). The 
Indeed, the public’s health and environmental 
concerns are shaped only in part by the 
scientific/technical information developed 
within regulatory impact assessments. More 
fundamentally, they emerge from inherently 
political issues about what risks are 
acceptable under what circumstances, and 
about how to evaluate the food they eat. If we 
unlock the framing of innovation at its roots, 
we may find a collective democratic space for 
discussing different quality criteria, based for 
example on the use-value of food, the 
inherent socio-ecological value of a species 
and of the entire landscape it depends upon. 
More generally, the question becomes: how 
many categories are needed to describe our 
food and who decides about the definitions to 
be adopted for the various categories? 
This reflective awareness triggers the 
possibility of exploring alternative 
trajectories for our food production system 
and redefining the quality assessment criteria 
for its evaluation. Robust and resilient 
innovations can only emerge from opening up 
the collective space of options for both the 
framing of the problems to be solved and the 
tools proposed to solve them.  
In our case, even if we keep the framing of the 
problem proposed by ABT, namely the 
growing population and demand of salmon, 
the decline of the wild population and the 
environmental and health drawbacks of 
open-water net-pen aquaculture, then 
transgenic salmon are not the only available 
option. A plurality of strategies and tools can 
be considered. The Arctic char, a close 
relative of the Atlantic salmon, is already 
being grown nearly exclusively in closed 
containment facilities and requires no genetic 
modification. Its taste is comparable to the 
one of farmed salmon and, given its size and 
texture, it performs all the culinary functions 
                                                                         
resistance from ABT and in general from the biotech 
industry indicates the relevance of the consumers’ 
quality assessment criteria. 
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of its comparator19 (Greenberg 2010a). 
Furthermore, a closed-containment-grown 
Coho salmon that is not genetically modified 
is now in production and has been evaluated 
as "best choice" by the Monterey Bay 
Aquarium's Seafood Watch20 (Greenberg 
2010b). Finally, a promising experiment of 
closed-containment, ecologically friendly, non 
transgenic, fast growing Atlantic salmon 
aquaculture is undertaken in the Northeast 
corner of Canada’s Vancouver Island, by the 
‘Namgis First Nation, under the name of 
Kunterra project (Sitlts 2014).  
If, on the other hand, we question the framing 
itself, then we can argue that the actual 
demand for salmon could be reduced and 
balanced by incorporating into our food 
habits a variety of seafood products, including 
smaller fish, and an even larger diversity of 
animal and vegetal proteins, depending on 
our culturally, historically and geographically 
based food tradition. Moreover, the very old, 
artificial separation between the problem of 
the wild salmon decline and the preservation 
of its socio-ecological habitat could be 
removed.  
A project like the Pebble copper, gold an 
molybdenum mine proposed for Bristol Bay 
in Alaska, could wipe out the most abundant 
and productive sockeye salmon grounds in 
the world—an annual run of 40 million fish21. 
If we fully embrace the dominant narrative of 
innovation and the principle of substantial 
equivalence, then this sanctuary of wild 
salmon and traditional fishery practice could 
be substituted by a number of aquaculture 
(transgenic or non-transgenic) farms, 
conveniently dislocated in areas where they 
don’t conflict with the mining operations. The 
                                                 
19
 See for example http://www.icywaters.com 
 
20
 See http://www.seafoodwatch.org/consumers/seafood-
and-your-health 
 
21
 For more details, see 
http://www.savebristolbay.org/about-the-bay/about-pebble-
mine 
win-win scenario would then be having the 
same or larger amount of salmon per year 
and foster the economic growth of both the 
mining and the aquaculture industry. On the 
other hand, if we question the dominant 
narrative of innovation and we apply 
different quality assessment criteria based on 
community and ecological needs, then the 
whole idea of destructing one of the few 
preserved habitats for wild salmon and for all 
the socio-ecological systems involved, 
becomes untenable22.  
In conclusion, opening up a democratic space 
for evaluating the quality of innovation 
means being able, with time and imagination, 
to explore the controversies and conflicts 
emerging within its dominant trajectory, 
questioning not only the technologies 
involved, with their future risks and 
promises, but also and most importantly, the 
driving forces that might bring them – or not 
– into the world today. 
Acknowledgments 
We are most grateful to Dorothy Jane Dankel 
and Silvio Funtowicz for their constructive 
comments during the preparation of this 
manuscript. The overall framework of 
innovation applied to the case of the GE 
salmon was developed by Alice Benessia 
under Expert Contract no. 530023 of 
September 1st 2014, Joint Research Centre – 
European Commission. 
 
References 
AquaBounty Tehcnologies Inc. (2010). 
AquaBounty AquAdvantage facts sheet. 
September 2010. 
                                                 
22
 A legal, political and scientific controversy, fully 
analogous to the one we have explored in the first 
part of our work, is currently unfolding in the US 
regulatory system, through the authority of the 
Environmental Protection Agency  (Reynolds 2015). 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 56 
 
 
Aqua Bounty Technologies, Inc. (2010) 
Environmental assessment for AquAdvantage 
salmon. 
http://www.fda.gov/downloads/AdvisoryCom
mittees/ 
CommitteesMeetingMaterials/VeterinaryMedi
cineAdvisoryCommittee/UCM224760.pdf For 
public display August 25, 2010 
Araghi F. (2003) ‘Food Regimes and the 
Production of Value: Some Methodological 
Issues’, The Journal of Peasant Studies 30(2): 
41–70. 
Benfey, T.J., Bosa, P.G., Richardson, N.L., & 
Donaldson, E.M.. (1988). Effectiveness of a 
commercial-scale pressure shocking device for 
producing triploid salmonids. Aquacul. 
Engineer. 7, 147-154. 
Benessia A. and Barbiero G. (2012). Safety, 
Security and Quality: Lessons from GMO Risk 
Assessments, The Continuum of Health Risk 
Assessments, Dr. Michael G. Tyshenko (Ed.), 
ISBN: 980-953-307-582-7, InTech, DOI: 
10.5772/38762. 
Benessia A. and Funtowicz S. (2015). 
Sustainability and technoscience: what do we 
want to sustain and for whom? International 
Journal of Sustainable Development , Special 
Issue on: "In the Name of Sustainability,"  
http://www.inderscience.com/info/ingeneral/
forthcoming.php?jcode=ijsd 
Benessia, A., Funtowicz, S., Bradshaw G., Ferri F., 
Ráez-Luna E.F. and Medina C.P. (2012) 
Hybridizing sustainability: Towards a new 
praxis for the present human predicament. 
Sustainability Science, ISSN 1862-4065, DOI 
10.1007/s11625-011-0150-4. 
Bessey, C., Devlin, R.H., Liley, N.R., Biagi, C.A. 
(2004). Reproductive performance of growth-
enhanced transgenic coho salmon 
(Oncorhynchus kisutch). Trans. Am. Fish. Soc. 
133, 1205–1220. 
Björnsson B.T. (1997) The biology of salmon 
growth hormone: from daylight to dominance. 
Fish Physiology and Biochemistry 17:9-24.  
 
Bodnar A. (2010) Risk Assessment and Mitigation 
of AquAdvantage Salmon. Information Systems 
for Biotechnology News Report 1-7. 
Bratspies, R. (2008) ‘Framing the Genetically 
Modified Seas: The Perils and Promise of 
Transgenic Salmon’, American Fisheries 
Society Symposium 62: 1–17. 
Burros M. 2002. Chefs Join Campaign Against 
Altered Fish. The New York Times, September 
18, 2002. 
Clausen R. and Longo S. B. (2012). The tragedy of 
the commodity and the farce of the 
AquAdvantage salmon®. Development and 
Change 43(1): 229–251 
Colwell K. (2015). Canadian risk assessment finds 
GMO salmon susceptible to disease. Food and 
Water Watch, 
http://www.foodandwaterwatch.org/pressrel
eases/canadian-risk-assessment-finds-gmo-
salmon-susceptible-to-disease/   
Congress of the United States (2013).  Letter to Dr. 
Margaret Hamburg, M.D. Re: Docket No. FDA-
2011-N-0899, April 14, 2013. 
http://www.centerforfoodsafety.org/files/hou
se_gesalmon_42413_28770.pdf  
Crozier, W.W. (1998). Incidence of escaped farmed 
salmon, Salmo salar L., in commercial salmon 
catches and fresh water in Northern Ireland. 
Fish. Manage. Ecol. 5: 23–29. 
Deitch, E. J. Fletcher, G. L. Petersen, L. H. Costa, I. A. 
S. F. Shears, M. A. Driedzic, W. R. Gamperl, A. K. 
(2006) Cardiorespiratory modifications, and 
limitations, in post-smolt growth hormone 
transgenic Atlantic salmon Salmo salar. Journal 
of Experimental Biology. 209: 1310-1325.  
de la Fuente, J., I. Guillen, R. Martinez, and M. P. 
Estrada. (1999). Growth regulation and 
enhancement in tilapia: basic research findings 
and their applications. Genetic Analysis: 
Biomolecular Engineering 15(3):85–90. 
Department of Fisheries and Oceans Canada 
(2013). Environmental and indirect human 
health risk assessment of the AquAdvantage® 
salmon. Draft in Revision. Office of Aquatic 
Biotechnology, July 2nd 2013. 
Development Fund (2013). Genetically 
Engineered Salmon:  Fast Growing Hype. 
Briefing Paper. 
http://www.utviklingsfondet.no  
Devlin R. H., Yesaki T. Y., Biagi C. A., Donaldson E. 
M., Swanson P., W. K. Chen (1994) 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 57 
 
 
Extraordinary salmon growth. Nature: 1994, 
371: 209-210.  
Devlin R.H., Yesaki T.Y., Donaldson E.M., Bu S.J., 
and Hew C.L. (1995) Production of germline 
transgenic Pacific salmonids with dramatically 
increased growth performance. Canadian J of 
Fisheries and Aquatic Sci 52(7):1376-1384.  
 
Devlin, R. H. Biagi, C. A. Yesaki, T. Y. (2004) 
Growth, viability and genetic characteristics of 
GH transgenic coho salmon strains. 
Aquaculture 236: 607-632.  
Devlin (2010) Occurrence of incomplete paternal-
chromosome retention in GH-transgenic coho 
salmon being assessed for reproductive 
containment by pressure-shock-induced 
triploidy. Aquacolture 304: 66-78. 
Dunham R. A.  (2011). Aquaculture and Fisheries 
Biotechnology: Genetic Approaches. Auburn 
University, USA, September 2011. 
http://www.cabi.org/cabebooks/ebook/2011
3319351  
Eales, J. G. Devlin, R. Higgs, D. A. McLeese, J. M. 
Oakes, J. D. Plohman, J. (2004) Thyroid 
function in growth-hormone-transgenic coho 
salmon (Oncorhynchus kisutch). Canadian 
Journal of Zoology 82: 8, 1225-1229.  
Entine J. (2011). White House Ends Its 
Interference in a Scientific Review. Slate, 
December 21, 2011. 
http://www.slate.com/articles/health_and_sci
ence/science/2012/12/genetically_modified_s
almon_aquadvantage_fda_assessment_is_delay
ed_possibly.html  
European Commission (2010) Europe 2020 
Flagship Initiative: Innovation Union, 
Communication from the Commission, 
COM(2010)2020 
European Commission (2011) From Challenges to 
Opportunities: Towards a common Strategic 
Framework of EU Research and Innovation 
Funding, Green Paper, COM(2011)48. 
European Commission (2013). Science for an 
informed, sustainable and inclusive knowledge 
society. Policy paper by President Barroso’s 
Science and Technology Advisory Council, 
Brussel 29th, 2013.  
Fletcher G.L. and Davies P.L. (1991) Transgenic 
fish for aquaculture. Genet. Eng. (N.Y.) 13: 331-
370. 
Food and Agriculture Organization of the United 
Nations (2014). The State of World Fisheries 
and Aquaculture: Opportunities and 
Challenges. http://www.fao.org/3/a-
i3720e.pdf?utm_source=publication&utm_med
ium=qrcode&utm_campaign=sofia14  
Food and Drug Administration Center for 
Veterinary Medicine. Guidance for industry: 
Regulation of genetically engineered animals 
containing heritable recombinant DNA 
constructs. (2009). 
http://www.fda.gov/downloads/AnimalVeteri
nary/GuidanceComplianceEnforcement/Guida
nceforIndustry/UCM113903.pdf 
Food and Drug Administration Center for 
Veterinary Medicine – Veterinary Medicine 
Advisory Committee (2010). Aquadvantage 
salmon: Briefing Packet, (Archived Document) 
September 20, 2010. 
http://www.fda.gov/downloads/AdvisoryCom
mittees/CommitteesMeetingMaterials/Veterin
aryMedicineAdvisoryCommittee/UCM224762.
pdf  
Fox JL (2010) Transgenic salmon inches toward 
finish line. Nature Biotechnology 28(11): 
1141-1142. 
Forristall A. (2014) US needs to step up 
aquaculture game. Seafoodsource.com. 
http://www.seafoodsource.com/all-
commentary/26171-us-needs-to-step-up-
aquaculture-game  
Funtowicz S. and Ravetz J. (1993). Science for the 
post-normal age. Futures 31 (7): 735-755. 
Funtowicz S. and Ravetz J. (1994). Emergent 
Complex Systems. Futures 26 (6): 568-582. 
Funtowicz S. and Strand R. (2011). Change and 
commitment: beyond risk and responsibility. 
Journal of Risk Research, 4(8): 995-1003. 
Gaston, K. (2003) ‘Salmon, Hatcheries, and the 
Endangered Species Act: Alsea Valley Alliance 
v. Evans and its Implications’, Virginia 
Environmental Law Journal 22(123): 123–66. 
Gausen, D. and Moen, V. (1991). Large-scale 
escapes of farmed Atlantic salmon (Salmo 
salar) into Norwegian rivers threaten natural 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 58 
 
 
populations. Can. J. Fish. Aquat. Sci. 48: 426–
428. 
Giampietro M. (2009). The future of agriculture: 
GMOs and the agonizing paradigm of industrial 
agriculture. In: Guimarães Pereira Â. and 
Funtowicz S. (ed.s) Science for Policy: 
Ecological economics and human well-being. 
pp.83-104. New Delhi: Oxford University Press.  
 
Gibbs W. (2011) Europe scorns "supersalmon" as 
GM battle widens. Reuters, Oslo, 
http://www.reuters.com/article/2011/04/22
/us-food-salmon-idUSTRE73L1AA20110422  
Giovannucci E, Pollak M, Liu Y, Platz EA, Majeed N, 
Rimm EB, Willett WC. (2003) Nutritional 
predictors of insulin-like growth factor I and 
their relationships to cancer in men. Cancer 
Epidemiology, Biomarkers & Prevention 
12:84-89 (2003). 
Goldenberg, S. (2011) Obama administration 
'bailed out' GM salmon firm. The Guardian, 
October 18, 2011 
Goldenberg S. (2013). Canada approves 
production of GM salmon eggs on commercial 
scale. The Guardian, November 25, 2013 
Greenberg P. (2010a). Four fish: the future of the 
last wild food. New York: The Penguin Press. 
Greenberg P. (2010b). Genetically modified 
salmon: everything you need to know. Good-A 
magazine for the global citizen. 
http://magazine.good.is/articles/everything-
you-need-to-know-about-genetically-modified-
salmon  
Guarnieri V., Benessia A., Camino E., Barbiero G. 
(2008) The myth of natural barriers. Is 
transgene introgression by GM crops an 
environmental risk? Rivista di Biologia - 
Biology Forum 101: 195-214. 
Hardin S. (2004). Rethinking standpoint 
epistemology: what is “Strong Objectivity?”, in 
S. Harding (ed.), The feminist standpoint 
theory reader: Intellectual and Political 
Controversies, London: Routledge, pp. 127-
140.  
Hedrick P. W. (2001) Invasion of transgenes from 
salmon or other genetically modified 
organisms into natural populations. Can. J. 
Fish. Aquat. Sci. 58: 841-844.  
Henry M. (2014). Genetic modification: should we 
fear this fish? The Star, June 13, 2014. 
Hu W, Zhu Z.Y. (2010) Integration mechanisms of 
transgenes and population fitness of GH 
transgenic fish. Science China - Life Sciences 
53:401-408. 
Kastenhofer, K. (2007) Converging epistemic 
cultures? A discussion drawing on empirical 
findings. Innovation: The European Journal of 
Social Science Research, Vol. 20, p 359-373. 
Kelso, D. D. T. 2003. The migration of salmon from 
nature to biotechnology. Pages 84–115 in R. A. 
Shurman and D. D. T. Kelso, (Eds). Engineering 
trouble: biotechnology and its discontent. 
University of California Press, Berkeley, 
California 
Knorr Cetina, K. (1999) Epistemic cultures: how 
the sciences make knowledge. Cambridge MA: 
Harvard University Press. 
Jasanoff, S. (2005) Designs on nature. Princeton 
CA: Princeton University Press 
Jonas H. (1985). The imperative of responsibility. 
In Search of ethics for the technological age. 
Chicago: University of Chicago Press. 
Joy N. (2010). GM Salmon Is Just Plain Wrong. The 
Huffington Post. September 30, 2010 
Lake Research Partners (2010). “Attitudes 
Toward the FDA’s Plan on Genetically 
Engineered Fish.” September 20, 2010. 
http://www.centerforfoodsafety.org/files/lrp_
fish_survey_02364.pdf 
Larsen L. (2014). Food & Water Watch Prods SEC 
About Aquabounty Risks. Food Poisoning 
Bulletin, June 5, 2014. 
Lee C. G., Devlin R. H. and Farrell A. P. (2003) 
Swimming performance, oxygen consumption 
and excess post-exercise oxygen consumption 
in adult transgenic and ocean-ranched coho 
salmon. Journal of Fish Biology, 62: 753–766. 
Leggat, L. A., Brauner, C. J., Iwama G. K., Devlin, R. 
H. (2007) The glutathione antioxidant system 
is enhanced in growth hormone transgenic 
coho salmon (Oncorhynchus kisutch). J. 
Comparative . Phisiology B: Biochemical, 
Systemic, and Environmental Physiology. 177: 
413-422. 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 59 
 
 
Lichatowich, J. (1999) Salmon Without Rivers: A 
History of the Pacific Salmon Crisis. 
Washington, DC: Island Press. 
Limbery P. (2002) In Too Deep: The Welfare of 
Intensively Farmed Fish. A report for 
Compassion in World Farming Trust. 
https://www.ciwf.org.uk/includes/documents
/cm_docs/2008/i/in_too_deep_2001.pdf   
Longo S.B., Clausen R. (2012). The tragedy of the 
commodity and the farce of AquAdvantage 
salmon®. Development and Change, 43(1): 
229–251. 
Longo S.B., Clausen R. and Clark  B.(2014). 
Capitalism and the Commodification of Salmon. 
Monthly Review. An independent Socialist 
Magazine. Volume 66, Issue 07 (December) 
Longo S.B., Clausen R. and Clark  B.(2015). The 
Tragedy of the Commodity: Oceans, Fisheries, 
and Aquaculture. New Brunswick: Rutgers  
University Press. 
Maxmen A. (2012), Transgenic salmon nears 
approval. Nature 490:318-319, October 18, 
2012.  
McEvilly M. P. (2013). Lack of Transparency in the 
Premarket Approval Process for Aquadvantage 
Salmon Duke L.& Tech. Rev. 413 
McKinnell, S., Thomson, A.J., Black, E.A., Wing, B.L., 
Guthrie III, C.M., Koerner, J.F., Helle, J.H. (1997). 
Atlantic salmon in the North Pacific. Aquacult. 
Res. 28: 145–157. 
McMichael, P. (2009) ‘A Food Regime Genealogy’, 
The Journal of Peasant Studies 36(1):139–69. 
Moreau D.T.R, Conway C., Fleming I.A. (2011). 
Reproductive performance of alternative male 
phenotypes of growth hormone transgenic 
Atlantic salmon Salmo salar. Evolutionary 
Applications, Blackwell Publishing, Ltd 
Mori T. Hiraka I. Kurata Y. Kawachi H. Mano N. 
Devlin RH. Nagoya H. Araki K. (2007) Changes 
in hepatic gene expression related to innate 
immunity, growth and iron metabolism in GH-
transgenic amago salmon (Oncorhynchus 
masou) by cDNA subtraction and microarray 
analysis, and serum lysozyme activity. General 
& Comparative Endocrinology. 151(1): 42-54.  
Muir W. M., and R. D. Howard (1999) Possible 
ecological risks of transgenic organism release 
when transgenes affect mating success: sexual 
selection and the Trojan gene hypothesis. Proc. 
Natl. Acad. Sci. USA  96: 13853-13856. 
Myers R.A. and Worm B. (2003). Rapid Worldwide 
Depletion of Predatory Fish Communities, 
Nature 423 (2003): 280–83; 
North Atlantic Salmon Conservation Organization 
(1997). NASCO guidelines for action on 
transgenic salmon, CNL(97)48. North Atlantic 
Salmon Conservation Organization, Edinburgh, 
UK 
North Atlantic Salmon Conservation Organization 
(1998). Agreement on adoption of a 
precautionary approach, CNL(98) 46. North 
Atlantic Salmon Conservation Organization, 
Edinburgh, UK.  
North Atlantic Salmon Conservation Organization 
(2003). Resolution by the parties to the 
convention for the conservation of salmon in 
the north atlantic ocean to minimise impacts 
from aquaculture, introductions and transfers, 
and transgenics on the wild salmon stocks 
(The Williamsburg Resolution). North Atlantic 
Salmon Conservation Organization, Edinburgh, 
UK.  
Naylor R., Henning S., Falcon W., Vaclav Smil G. J., 
Bradford E., Alder J., Mooney H. H. (2005) 
Losing the Links Between Livestock and Land. 
Science 310 (5754): 1621-1622, 9 December 
2005.  
National Research Council (2002). Animal 
biotechnology: science-based concerns. The 
National Academies Press, Washington D.C. 
Oke K.B., Westley P.A.H., Moreau D.T.R., Fleming 
I.A. (2013). Hybridization between genetically 
modified Atlantic salmon and wild brown trout 
reveals novel ecological interactions. 
Proceedings of the Royal Society B 280: 
20131047. 
http://dx.doi.org/10.1098/rspb.2013.1047  
Palca J. (2011). Debating Genetically Modified 
Salmon. National Public Radio Science Friday. 
December 7, 2011.  
Pollack A. (2010). Modified Salmon Is Safe, F.D.A. 
Says. The New York Times, September 3, 2010 
Pollack A. (2012a). Move to Market Gene-Altered 
Pigs in Canada Is Halted. The New York Times, 
April 13 2012 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 60 
 
 
Pollack A. (2012b). An entrepreneur bankrolls a 
genetically engineered salmon. New York 
Times. May 21, 2012. 
Prakash C.L et al. (2012) Letter to President 
Obama. September 15, 2012 
http://aquacomgroup.com/wordpress/wp-
content/uploads/2012/09/Hindering-
innovation-in-food-production-091412-1-
3.pdf  
Jennie M. Harrington, Ransom A. Myers, and 
Andrew A. Rosenberg, “Wasted Fishery 
Resources,” Fish & Fisheries 6, no. 4 (2005): 
350–61. 
Ravetz, J. (2004) The post-normal science of 
precaution. Futures, Vol. 36, n. 3, pp. 347-357. 
Reynolds J. (2015). Pebble Mine 2014 Year in 
Review: "And Then There Were Lawyers...", 
The Huffington Post, January 5, 2015.  
Roberts, S. B. McCauley, L. A. R. Devlin, R. H. Goetz, 
F. W. (2004) Transgenic salmon 
overexpressing growth hormone exhibit 
decreased myostatin transcript and protein 
expression. Journal of Experimental Biology. 
207: 3741-3748.  
Roberts R.J et al. (2014) Letter to President 
Obama. September 17, 2014. 
http://aquabounty.com/wp-
content/uploads/2014/09/9-17-14-
SCIENTIST-EXECUTIVE-LETTER-TO-
PRESIDENT-OBAMA-ON-BIOTECHNOLOGY.pdf  
Rockström, J., Steffen, W., Noone, N., Persson, Å., 
Chapin, F.S. III, Lambin, E.F., Lenton, T.M., 
Scheffer, M., Folke, C., Schellnhuber, H.J., 
Nykvist, B., de Wit, C.A., Hughes, T., van der 
Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P.K., 
Costanza, R., Svedin, U., Falkenmark, M., 
Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J., 
Walzer, B., Liverman, D., Richardson, K., 
Crutzen, P., & Foley, J.A. (2009) A safe 
operating space for humanity. Nature, Vol. 461, 
472-475. 
Salmobreed. “Salmobreed challenges GMO 
salmon”, Salmonbreed Newsletter Year 7, N.5, 
November 2011. 
http://www.salmobreed.no/newsletters/en/n
ewsletter_5_2011.pdf  
Sarewitz, D. 2004. How science makes 
environmental controversies worse. 
Environmental science and policy, Vol. 7, pp. 
385-403. 
Senate of the United States (2013). Letter to Dr. 
Margaret Hamburg, M.D. Re: Docket No. FDA-
2011-N-0899, April 14, 2013. 
Smith M.D., Asche F., Guttormsen A.G., and Wiener 
J.B. (2010). Genetically Modified Salmon and 
Full Impact Assessment. Science, Vol. 330, n. 
6007, pp. 1052-1053. 
Sundström, L. F. Lohmus, M. Johnsson, J. I. Devlin, 
R. H. (2004) Growth hormone transgenic 
salmon pay for growth potential with 
increased predation mortality. Proceedings of 
the Royal Society of London . Series B, 
Biological Sciences. 271: Suppl. 5, S350-S352.  
Sundström, L.F, Lohmus M, Devlin RH. (2005) 
Selection on increased intrinsic growth rates in 
coho salmon, Oncorhynchus kisutch. Evolution. 
59(7):1560-9.  
Sundström, L.F., Lohmus, M., Tymchuk, W.E., 
Devlin, R.H. (2007). Gene–environment 
interactions influence ecological consequences 
of transgenic animals. Proc. Natl. Acad. Sci. USA 
104: 3889–3894. 
Stevens E. D. and R. H. Devlin (2005) Gut size in 
GH- transgenic coho salmon is enhanced by 
both the GH trasgene and increased food 
intake. J. Fish. Biol. 66: 1633-1648.  
Stilts J. (2014). The inside story. Fish Farming 
International, 2:28-31, February 2014. 
www.intrafish.com. 
Thomson Reuters (2010). National Survey of 
Healthcare Consumers: Genetically Engineered 
Food. October 1-13, 2010. 
http://www.justlabelit.org/wp-
content/uploads/2011/09/NPR_report_Geneti
cEngineeredFood-1.pdf  
Union of Concerned Scientists (2001). 
Backgrounder: genetically engineered salmon. 
Union of Concerned Scientists, Cambridge, 
Massachusetts. 
United States Department of Agriculture (2011) 
Current Research Information System, Project 
Number MASW-2011-02218. “Validation of a 
maternally mediated sterilization platform for 
reproductive containment of GE fish with 
initial application to tilapia.” September 11, 
2011; 
Visions for Sustainability 3: 35-61, 2015 
P a g e   | 61 
 
 
U.S. Food and Drug Administration (2013) 
Genetically Engineered Salmon, updated June 
10, 2014, http://fda.gov. 
US Senate Subcommittee on Ocean, Atmosphere, 
Fisheries and Coast Guard Oversight (2011). 
Hearing on the Environmental Risks of 
Genetically Engineered Fish. December 15, 
2011. 
Van Eenennaam A.L. and Muir W.M. (2011). 
Transgenic salmon: a final leap to the grocery 
shelf? Nature Biotechnology 29(8): 706-710. 
August 2011. 
Veterinary Medicine Advisory Committee - Food 
and Drug Administration Center for Veterinary 
Medicine (2010) Briefing Packet 
AquAdvantage salmon. 
http://www.fda.gov/downloads/AdvisoryCom
mittees/CommitteesMeetingMaterials/Veterin
aryMedicineAdvisoryCommittee/UCM224762.
pdf. For public display September 20, 2010. 
Wall Street Journal (2010). Question of the Day. 
“Would you eat genetically –modified salmon if 
approved by the FDA?” September 21, 2010 
article. 
Walsh, B. (2010) ‘The 50 Best Inventions of 2010: 
Faster Growing Salmon’, TIME 11 November. 
Watson E. (2013) Trigger for review of GE animals 
should be the novelty of the introduced traits, 
not the process that creates them, says biotech 
expert. Foodnavigator.com August 7, 2013. 
http://www.foodnavigator-
usa.com/People/Trigger-for-review-of-GE-
animals-should-be-the-novelty-of-the-
introduced-traits-not-the-process-that-
creates-them-says-biotech-expert  
Wildavsky A. 1979. Speaking truth to power. 
Boston: Little Brown and Co. 
Yaskowiak E.S., Shears M.A., Agarwal-Mawal A., 
Fletcher G.L. (2006) Characterization and 
multi-generational stability of the growth 
hormone transgene (EO-1α) responsible for 
enhanced growth rates in Atlantic. 
 
